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prolonged periods without compromising the powder's stability [8] . Powders are cheaper to 48 transport and easier to handle in manufacturing plants. Spray-dried powders are economical to produce compared to other processes, such as freeze-drying [9] . Spray 50 drying has many applications, particularly in the food, pharmaceutical and agrochemical 51 industries [10] [11] [12] [13] . The conversion of high value food materials, such as fruit and vegetable 52 extracts, into particulate form is not easy due to the presence of a high proportion of low 53 molecular weight sugars in their composition [13] , which lead to the problem of stickiness 54 [14, 15] . The particles stick to one another, to the dryer and to cyclone walls and remain 55 there, forming thick wall deposits, while very little product comes out at the dryer's exit.
56
This might lead to low product yield and operating problems [10, 16] . In general, the 57 stickiness causes considerable economic loss and limits the application of spray drying on 58 foods as well as on pharmaceutical materials [11, 17] . In order to reduce stickiness, 
85

Preparation of feed mixture and spray drying conditions
86
The frozen lulo pulp was thawed and mixed with a water solution containing MD and/or 87 AG. Solutes were added according to the generated experimental designobtained from the 88 response surface methodology (RSM) ( Table 1) 
95
atomisation air rotameter 40 mm (473 L/h) with a co-current flow; pump rate 30% (9 96 mL/min). Drying air inlet temperature was varied according to experimental design (Table   97 1). After the completion of the experiment and when the air inlet temperature fell below 50 98 ºC, the samples were collected from the product collection vessel.
100
Experimental Design
For this study, RSM was used to evaluate the effect of three process independent 102 variables on eleven response variables mainly related to the profitability of the process and 103 the quality of the powder. As independent variables, the inlet air temperature (x 1 , 120-180 104 °C) and the concentration of arabic gum (x 2 , 0-10 g AG/100g lulo pulp) and maltodextrin 
105
109
capacity (Y 11 ) of spray-dried lulo powder. Twenty-three experimental runs were generated 110 based on the corresponding rotatable and orthogonal central composite design (Table 1) .
111
The experiments were randomized.
113
Analysis of response variables
114
Y 2 was defined as the ratio of the mass of solutes present in the lulo powder obtained at 115 the end of each spray drying period, to the mass of solutes present in the mixture prior to 116 spray drying [34] . Y 3 and Y 4 were calculated for spray drying by using Cai and Corke [35] 117 but with a slight modification. The drying ratio and the productivity (g/h) were calculated by 118 equations (1) (powder solid content / feed solid content) and (2), respectively. 
143
The total quantity of phenols (TP) was analysed by using the method reported by Benzie & 
161
After incubation at room temperature for 30 min in darkness, the absorbance of the 162 reaction mixture was measured at 430 nm using the aforementioned spectrophotometer.
163
The total content in flavonoids was expressed as mg of rutin equivalents (RE) per gram of 164 sample, using a standard curve range of 0-50 mg of rutin (Sigma-Aldrich, Germany)/L.
165
Antioxidant capacity (AOC) was assessed using the free radical scavenging activity of the 166 samples evaluated with the stable radical DPPH [37] . Briefly, the samples were 
186
function of the independent variables was that given by equation (4):
where Y i was the response value predicted by the model;  0 was a constant;  1 ,  2 , and  3
189
were the regression coefficients for the linear effects;  11 ,  22 , and  33 were those for the 
208
The correlation between the antioxidant activity and every studied bioactive component 209 with a 95% significance level was also analysed.
210
All statistical analyses were performed using Statgraphics Plus 5. 
233
The outlet temperature ranged between 67 to 119 ºC and it was mainly affected (p<0.05)
234
by the inlet temperature with a positive linear and a negative quadratic effect. Moreover, a 235 negative quadratic effect of maltodextrin concentration on Y 1 was observed (Table 2) . If temperature, the lower the outlet temperature. Lulo pulp contains sugars, which make the 238 spray drying process difficult, mainly due to the basic physical characteristics of the low 239 molecular weight sugars present in fruits, essentially sucrose, glucose and fructose.
240
Moreover, the presence of organic acids, such as tartaric, malic, and citric acid, also 241 contributes to the problem of stickiness in the powder [10] . In this work, it was extremely 242 difficult to obtain powder at the exit of the dryer in samples without added high molecular 243 weight solutes and large deposits were formed on the main chamber and cyclone walls.
244
For example, Table 1 shows the lower/lowest values of product yield for these samples 
273
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